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Abstract 
An effective passivation property on n-type silicon surface was obtained using liquid source SiO2 combining with a hot steam 
post annealing.  Perhydropolysilazane (PHPS), which reacts with water in air, changing into pure quartz was used as a source 
material. The passivation property was estimated by effective lifetime and interface state density (Dit). The Dit of the sample after 
the hot steam annealing at 600qC was around 1x1012cm2, though the effective lifetime reached a higher value than the chemical 
passivation using 1 % quinhydron methanol solution. On the other hand samples annealed in air showed a much lower value. The 
film after the hot steam annealing has a large number of positive charges, whose field effect might improve the effective lifetime. 
Regarding the long term stability, samples with thin passivation layer of less than 50 nm showed high lifetime stability at room 
temperature. 
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1. Introduction 
Process cost reduction of PV cells is a crucible issue in the PV industry under strong competition. Lack of a low 
cost passivation method is one of the limiting factors for the processing of low-cost high efficiency Si based solar 
cells. Conventional passivation methods such as plasma CVD silicon nitride, a-Si:H and thermal oxide are not 
regarded as a low cost candidate for industrial applications [1,2]. Thus, development of a low cost passivation 
method is still required. A passivation using liquid source material is an interesting option with this regard. The 
conventional spin-on dielectrics are using sol-gel precursors, containing a lot of carbon impurities and need high 
sintering temperature of more than 800qC [3]. Among those spin-on dielectric materials, Perhydropolysilazane 
(PHPS) has unique properties [4,5]. The PHPS is an organosilicate polymer consisting of cyclic (SiH2-NH)n units, 
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which changes into pure SiO2 by heat treatment lower than 450qC in air and does not contain carbon in the reaction 
and can be easily coated on a substrate by using spin coating, spray coating, and printing methods. A pure PHPS 
requires 450qC of annealing temperature, though the process temperature can be reduced by adding small amounts 
of catalyst chemicals. The reaction process of PHPS generates H2 and NH3, which might effectively improve the 
SiO2/Si interface properties. So, we have been investigating the PHPS for the application to solar cells. In addition, 
the PHPS has a great advantage in cost since it has been already produced in large scale for a variety of industrial 
applications such as buildings, signboards, ships and automotive body coatings. On the other hand, a lot of research 
has been carried out on n-type silicon based solar cells since it has important advantages over p-type silicon based 
solar cells. The conventional boron doped p-type solar cells show the initial light induced degradation caused by the 
simultaneous presence of boron and oxygen in the wafers. The n-type silicon solar cells do not suffer from the light 
induced degradation and in addition, they are less sensitive to impurities that are usually present in silicon feedstock. 
In this paper, we focused on the liquid source SiO2 passivation using PHPS on n-type wafers. 
2. Experimental 
A 0.2-20% xylene solved PHPS with no catalyst was used as a source material. The source liquid was coated by 
spin coater. The film thickness was controlled by rotation speed, rotation time and concentration of the PHPS. 
Relatively thick SiO2 layers of more than 30 Pm can be obtained using 20% PHPS with no cracks. To obtain a thin 
SiO2 layer, the concentration of PHPS was controlled by adding xylene solvent. After spin coating, the samples were 
dried at room temperature. A SiO2 formation process by the PHPS is shown as follows. 
 
(-SiH2NH-) + 2 H2O o (-SiO2-) + NH3 + 2 H2                                                                                        (1) 
 
This reaction does not contain organic components like sol-gel source materials, releasing H2 and NH3 in the 
process reaction, which might contribute to improve the SiO2/Si interface properties. Pure PHPS needs annealing 
above 450qC in air to complete the reaction. By using catalyst such as amine and vanadium, SiO2 films can be 
obtained even at room temperature. The low temperature process below 100qC using a catalyst is an interesting 
option, though in this paper we used the pure PHPS since the catalyst type source liquid requires careful handling to 
avoid the reaction with water in air. In addition, there is a possibility that a catalyst in the source liquid affects the 
SiO2/Si interface properties. CZ, n <100> single side polished 500 Pm thick silicon wafers were used as a substrate. 
We introduced the hot steam annealing to enhance the chemical reaction of PHPS and improve the SiO2/Si interface 
properties [6,7]. Silicon wafers were cleaned by soaking H2SO4+H2O2 at 80qC, followed by a 5% HF treatment. The 
PHPS coated samples were annealed in air or steam ambient in the annealing furnace. The schematic of the hot 
steam annealing furnace is shown in Fig. 1. A standard quartz furnace with 60 mm in diameter was used for the 
annealing process. High purity H2O steam was supplied from boiled water in an evaporator. An 1 MHz HF-CV 
measurement was used to calculate the Dit by Terman’s method [8-11]. Effective lifetime was measured by 
conventional MW-PCD with no bias light. To compare with the ideal passivation, an effective lifetime of chemically 
passivated sample using 1% quinhydron methanol solution was measured [12]. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Schematic of the hot steam annealing. 
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3. Results and discussion 
3.1 CV measurement results 
 
Figure 2 shows the examples of high frequency CV curves as a function of hot steam annealing temperature. 
Large CV curve shifts were observed after the hot steam annealing, revealing that SiO2 films contain a large number 
of positive charges. Higher hot annealing temperature show a larger CV curve shift. In the case of annealing in air, 
CV curve shift was less than -10 V even annealed at 700qC. The FT-IR results suggest that Si-N bonding remains in 
the film in the case of hot steam annealing [13]. This means that annealing in hot steam ambient does not enhance 
the chemical reaction of PHPS but limits the reaction process shown in equation (1). The residual N atoms might 
cause the residual positive charge in the film. In these conditions, an inversion layer must appear on a p-type silicon 
surface. Figure 3(a) and (b) show Dit  annealed in air and the hot steam annealing, respectively. The Dit decreased to 
less than 1x1012 cm2/eV after the annealing processes. The hot steam annealed sample at 600qC show lowest value, 
which is still one order of greater than for thermal SiO2. However, as a spin coating material, this value is 
significantly lower than for the conventional sol-gel methods.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. HF CV curve as a function of hot steam annealing temperature. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a)                                                                                (b) 
 
Fig.3. Dit as a function of annealing time: (a) Anneal in air (b) Hot steam annealing. 
Potential [eV]
1.00.80.60.40.20
10145
700qC
600qC
500qCD
it
[c
m
2 e
V-
1 ] 10
13
1012
1011
1010
109
Potential [eV]
1.00.80.60.40.20
10145
700qC
600qC
500qC
D
it
[c
m
2 e
V-
1 ] 10
13
1012
1011
1010
109
-20 -15 -10 0-5-25
0
0.2
0.4
0.6
0.8
1.0
Gate voltage [V]
C
/C
ox
700ºC
600ºC
500ºC Ideal
5
Annealing time: 60 min.
 Hiroshi Nagayoshi and Chihiro Hagiwara /  Energy Procedia  77 ( 2015 )  822 – 826 825
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Effective lifetime as a function of annealing time; (a) Anneal in air, (b) Hot steam annealing. 
 
 
When the annealing temperature was higher than 700qC, the interface properties deteriorated since the hydrogen 
atoms terminating the interface defects are released from the film.  
 
3.2 Effective lifetime 
 
Figure 4(a) shows the effective lifetime as a function of annealing time in air. The initial lifetime after drying was 
25 Ps. The effective lifetime gradually increased with annealing time, though the values were less than 1 ms. A 
chemically passivated sample using 1% quinhydron methanol solution showed 2.7 ms. The conventional 
Iodine/methanol chemical passivation was also tested, however, it showed lower value. Figure 4(b) shows the 
effective lifetime as a function of hot steam annealing time. As shown in the Figure, the effective lifetime rapidly 
increased within 60 minutes. A maximum value of 3.2ms was obtained at 600qC, which is higher than the chemical 
passivation.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Stability of the effective lifetime at room temperature. 
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On the other hand, in the case of p-type wafers, we obtained below 1011 cm2/eV of interface state density by the 
hot steam annealing at 500qC [13]. Further investigation is needed in this regard. This is caused by a combination of 
moderate interface state density and strong field effect passivation caused by positive charges in the film. In spite of 
the high Dit, samples annealed at 700qC showed high effective lifetime when the annealing time is longer than 120 
minutes. In this condition, the field effect passivation might dominantly reduce the surface recombination. The 
annealing effect saturated around 120 minutes. Figure 5 shows the long term stability of effective lifetime at room 
temperature. The hot steam annealing time was 1 hour. The effective lifetime showed an initial degradation when 
the film thickness was 100 nm. On the other hand, the thinner film showed higher stability. The sample with 30 nm 
SiO2 passivation showed no degradation. There is a possibility that in the case of thick the SiO2, chemical reaction 
was not completed at the interface region by 60 minutes annealing. To improve the passivation stability, a two step 
process such as a combination of thin liquid source passivation with following thick layer coating would be a 
solution. 
4. Conclusion 
We have developed liquid source SiO2 passivation with the hot steam post annealing on n-type wafers. Over 3ms 
of lifetime was obtained after 600qC annealing. This caused by the moderate interface state density and the field 
effect passivation due to the positive charge in the film. We confirmed effective passivation property as well as with 
high stability of this passivation method. 
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